Though normoglycaemia is thought to indicate adequacy of cellular glucose content, ketoacidosis occurs in viral infections even in the presence of normo-and hyperglycaemia. These wide variations in glucose concentrations may reflect the patients' adaptive abilities in situations where glucose transport is impaired by viruses. Hypoglycaemia would suggest poor adaptation and hyperglycaernia good adaptation. Increased free fatty acid (FFA) concentrations and enzyme activity are probable adaptive mechanisms. If so, they should decrease with hyperglycaemiaproducing infusions.
The Bernardian hypothesis, that the maintenance of mentary starvation together with these abnormalities a normal milieu interieur enables a free and in-in glucose handling can account for the ketoacidosis. dependent life," is a fundamental concept used in In these circumstances one might expect to find everyday clinical practice. This is especially so where hypoglycaemia, especially because the patients are glucose homeostasis is concerned. Our observation of children. However, the majority are either normoketoacidosis in the presence of normo-and hyper-or hyperglycaernic." This points to adaptive mechglycaemia in children with viral infections makes us anisms operating to prevent hypoglycaemia. doubt the universal validity of this dictum.
Certainly adaptation resulting in normoglycaemia Ketoacidosis in viral infections occurs in one or would accord with the Bernardian hypothesis. The other of two phases: either during the acute stage of question is, why should some children become the illness or during convalescence, that is to say, hyperglycaemic? in a child who has apparently recovered from a viral An explanation for the wide scatter of blood infection and has been well for a period of time. glucose levels together with ketoacidosis may be The ketoacidosis is usually a transient phenomenon that viral infections result in a transient inhibition of lasting a few days and is maximal for a period of the glucose carrier system," 4 as suggested by 12-36 hours. The symptoms commonly associated clinical observations" and by the results of glucose with viral ketoacidosis (VKA) are anorexia, nausea, tolerance studies. Evidence in support of such a vomiting, colicky abdominal pain, and a disordered hypothesis has been recorded by other workers,":" sensorium.f
In viral infections, adaptive mechanisms may come The degree of alimentary starvation often bears into play to prevent hypoglycaemia. Hence hypolittle relation to the degree of ketoacidosis. Glucose glycaemia would reflect a failure of adaptation tolerance studies in such children show evidence of while normoglycaemia would suggest that adaptapoor intestinal absorption, renal reabsorption, and tion is taking place. The hyperglycaemia may be utilisation of glucose," Hence it is likely that ali-explained by the characteristics of carrier-mediated 142 transport. Glucose transport into cells having passive carriers could be enhanced by increasing extracellular concentrations of glucose," Therefore, in situations where these carriers are partially inhibited, adaptive hyperglycaemia would lead to greater transport than normo-and hypoglycaemia ( Fig. 1 ). Such an adaptation, however, would be directed towards maintaining glucose homeostasis within the cell rather than the milieu interieur."
In an earlier paper it was reported that 82 % of 50 children with VKA were not hypoglycaemic.S This was attributed to four adaptive mechanisms: glycogenolysis, gluconeogenesis, fat utilisation, and the master switch.'? The first two mechanisms would result in glucose production while the roles of the other two would be glucose conservation.
This study was undertaken further to elucidate adaptive mechanisms and to ascertain their responses to treatment. If indeed the biochemical data sug-gestive of glucose production and conservation decrease with infusions that produce hyperglycaemia, together with good clinical responses, it would suggest that hyperglycaemia is adaptive to enable greater transport into cells.
Patients and methods

PATIENTS
Twenty-four children aged 3 months to 10 years (mean 3l years) with known syndromes of viral infections were studied over a three-year period. Twenty had encephalopathy. Sixteen of these had seizures which were repetitive. Two had pharyngitis, one dengue haemorrhagic fever, and another was encephalitic. Nasal aspirates and throat swabs were ,taken for virus isolation and bacterial culture. The urine was tested for ketones using Ketodiastix (Ames) and a four-hourly temperature chart was maintained. When necessary for other investigations, blood was also taken for biochemical tests at 0800 on days 2, 3, and 4. Once the patients were well and no longer on intravenous infusions, they were fasted overnight, for 6 hours in children under 2 years and for 10 hours in older children. Blood was taken for post-acute investigations (days 4 to 8, mean day 5). Similar fasting blood specimens were obtained one and two weeks after the post-acute stage: the first and second convalescent stages, respectively. Oral informed consent was obtained from the parents of all children.
The data obtained on days 1 to 4, the post-acute and first convalescent stages, were compared with those of the second convalescent stage (standard). In the case of body temperature, the post-acute stage was taken as standard. The difference between means was analysed using Student's t test.
Results
Those children with encephalopathy and with seizures regained consciousness and were seizurefree by day 2. Subsequently all made uneventful ..
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:.1 .. (1) , and cytomegalovirus (1) . Figures 2 to 7 show the values on admission and the profile of mean values of the biochemical parameters during recovery. Half of one standard deviation is depicted by vertical lines. After treatment, there was significant hyperglycaernia on days 2 to 4 and in the post-acute stage (Fig. 2) . The initial significant increase in FFA levels came down to below normal on day 4 ( Fig. 3) . A significant increase was observed again in the post-acute stage after withdrawal of intravenous glucose. Both AST and LDH activities (Figs 4 and 5) showed significant increases on admission and a decrease with clinical recovery. The activity of ALT was not elevated on admission but showed a significant increase on day 4 followed by a decrease (Fig. 6) . The body temperature came down rapidly with management ( Fig. 7) .
Discussion
The absence of ketonuria in 12 children in the presence of significant fatty acidaemia may put into question a diagnosis of ketoacidosis. Carnitine deficiency as a cause seems unlikely as only one of these 12 was hypoglycaemic, Additionally, they all recovered without being given carnitine. Since others have reported a significant increase in blood ketone concentrations in mild viral infection;" our inability to estimate blood ketones and urinary~ hydroxybutyrate is a likely explanation for this observation.
The raised serum AST and LDH and normal AL T activities on admission (a pattern dissimilar to that seen in infectious hepatitis-") calls for consideration. Increased plasma enzyme activity occurs mainly in three situations: cell necrosis, failure of an energydependent process to maintain an enzyme activity gradient across cell membranes, and an adaptive increase in enzymes within the cell. The results show that, at the onset of illness, serum AST and LDH activities are increased while that of ALT, a cytoplasmic enzyme, is not elevated. With clinical recovery, AST and LDH levels decrease while there is an increase in ALT followed by a decrease. It is unlikely that such changes are due either to cell necrosis or to an inability to maintain an activity gradient. Furthermore, though earlier studies of the Table 2 Adaptive mechanisms in viral infections liver showed cloudy swelling, glycogen decrease, fatty infiltration, and portal triaditis, there was no cell necrosis.P It is therefore likely that the increased serum enzyme levels are consequent upon adaptive increases in the cellular content of AST, LDH, and ALT. .
These enzymes playa role in glucose homeostasis. An increase in the amount of muscle LDH would enable greater Cori cycle activity while increased AST in muscle would suggest an increase in glucoseaspartate-oxaloacetate-glucose cycle activity. The later increase in cellular AL T activity, which coincides with an increase in blood triglycerides in these children (unpublished observation) may be indicative of a glucose-alanine-pyruvate-glucose cycle. 20 The high blood glucose levels achieved in nine of our children with infusions containing lactate," and the low blood amino acids seen in viral infections'" in the face of increased urinary non-protein nitrogen and weight loss,322 lend credibility to these views. Furthermore, the increases in AL T and LDH during starvation and their decrease with glucose administration support such a possibility.P It is also likely that the increase in oxaloacetate consequent upon increased activity of these cycles would enable greater fat utilisation in the Krebs cycle, the energy pump of gluconeogenesis.
What then may be a role of fever in this metabolic illness? Our results show that, with metabolic management of these children, not only did the biochemical aberrations revert to normal but so did the fever. It is known that, within limits, the velocities of enzyrne-catalysed reactions increase as temperatures rises. 24 It is therefore likely that fever, This study therefore points to two more adaptive mechanisms in YKA: enzyme induction and an increase in body temperature. Taken together, they may be viewed as mechanisms that would enable increased velocities of reactions to attain glucose homeostasis ( Table 2) .
Ketoacidosis and fatty acidaemia are metabolic markers of a lack of cellular glucose. The fact that such abnormalities occurred even in the presence of adequate blood glucose is suggestive of an inability to utilise glucose adequately. Since therapeutic hyperglycaemia resulted in a decrease in FFA and serum enzymes together with clinical recovery, it is probable that hyperglycaemia resulted in enhanced transport of glucose to achieve adequacy of cellular glucose (Fig. 8 ). Our data therefore lend credibility to the hypothesis that viral infections result in a transient inhibition of the glucose carrier system. Furthermore, they highlight a pitfall in the care of children with viral infections, the assumption that normoglycaemia implies adequacy ofcellular glucose. They also emphasise that, interposed between the extracellular and intracellular fluid, there is a cell membrane, with transport characteristics and energy-dependent processes, that is susceptible to viral challenge," 7 It is likely that the physiological dictum of Claude Bernard, that the maintenance of the milieu interieur enables a free and independent life, obtains in well people. The question is, should this hypothesis be extended to pathological states?
Cannon pointed out that when the body is perturbed, adaptive mechanisms become operative to correct the perturbation.P Our data show that some children were hypoglycaemic whereas others were normo-or hyperglycaernic. Since they all responded to hyperglycaernia-producing infusions, hypoglycaemia probably reflects a failure of adaptation, normo-and hyperglycaemia of adaptation. 
IlIlBllOGLYCAElilA
1l0RllOGLYCAIUllA HYPEIlGLYCAEIIIA reflect adequacy of intracellular glucose.) Adaptation resulting in hyperglycaernia is in consonance with the hypothesis that homeostasis of glucose is directed to the maintenance of the intracellular, rather than the extracellular, milieu.P Our management of these children may therefore be viewed as having been in this direction. The fact that intrinsic cellular responses operate to maintain cellular homeostasis despite wide swings in extracellular composition supports the primacy of the intracellular milieu."
